Moulds are microorganisms which play the key role in biodeterioration of technical materials which results from their physiological features and metabolism. Technical materials constitute the source of carbon and energy (wood, paper, textiles, fuels, leather) or the surface for fungal growth (bricks, stone, metal, glass). Moulds characterized by a high biodeterioration activity -enzymatic and acidic, belong mainly to the following genera: Aspergillus, Penicillium, Trichoderma, Cladosporium, Paecilomyces and Chaetomium. Members of some taxa (besides the aforementioned also e.g. Stachybotrys, Alternaria, Epidermophyton, Microsporum, Scopulariopsis, Trichophyton) growing on technical substances and producing allergens and mycotoxins cause health hazards. Therefore, basing on the knowledge about conditions for mould development and biodeterioration mechanisms, we should appropriately preserve materials against mould growth. Looking for new disinfection methods safe for technical substances in order to inhibit mould growth is also important. Protective applications of biocides should be limited only to materials most sensitive to biodeterioration (paper, textiles, fuels, paints). On the one hand we should take into consideration environmental protection, on the other production of durable, biodegradable materials ensuring the product life cycle.
Introduction
Biodeterioration of technical materials (destruction caused by the activity of organisms) causes serious economic losses resulting from the disturbance of their properties, disasters and accidents in industry and health hazards when potential and actual pathogens grow on various surfaces.
There are many described examples of microbial accidents during production, storage and usage of materials in the textile, paper, building and other industries (Zyska 2001) .
It was estimated that the economic losses caused by microbial deterioration each year amounted to 2% of Gross 28 GUTAROWSKA B.
National Product (Zyska & Żakowska 2005) . Based on the data of GUS (Central Statistical Office) for Poland in 2013 this value was 3.2×10 10 PLN. Moreover, it is impossible to estimate the loss of culture heritage when we take into account destruction of historical objects or the health threat to workers and users of materials.
Moulds are dominant and the most important microorganisms in biodeterioration of technical materials considering their ubiqiuty and the amount of damage and threats. However, we must remember that some technical substances are often exposed to bacteria, algae, insects, higher fungi from lichenized Ascomycota and Basidiomycota. However, development of actual damaging factors depends on the material composition and environmental conditions. In the case of wood, higher fungi and insects are responsible for its destruction; bricks and stones are destroyed mainly by algae and cyanobacteria, when they have access to light.
Significance of moulds in biodeterioration of technical materials results from their physiological features and metabolism (Fig. 1) . Oligotrophic character and expansion in natural environments are the most important. A wide spectrum of produced enzymes and metabolites enables them to colonize many environments and to use almost every organic substrate. Moreover ease of spreading, different ways of propagation, creation of spores, production of secondary metabolites (antibiotics, toxins) to inhibit the growth of other organisms and high tolerance of unfavorable environmental conditions (UV, disinfection, low pH, humidity) are features which facilitate colonization of technical materials and make fungi difficult to eliminate. 
Moulds
Low sensitivity to unfavorable environmental condition (UV, humidity, low temperature, biocides) Small nutritional requirments (oligotrophic character) Prevalence in natural environments (air, soil, water) Wide enzymatic potential (many extracellular enzymes)
Variety of metabolic pathways (acids, secondary metabolitesantibiotics, toxins) Ease of spreading and reproduction (spores, conidia) 29 High humidity of the environment (optimum a w > 0.9) and access to oxygen (moulds are aerobic organisms growing on surfaces) are factors facilitating their development. However, well-known xerophilic moulds from genera Aspergillus and Penicillium are able to grow at low substrate humidity (aw = 0.8) and at low relative humidity of the air RH=60%; also production of spores in soil at low oxygen concentration was observed (numerous mould species were isolated from historical objects from tombs).
In the view of the above facts, possibility of limiting the adverse influence of moulds on technical materials should be considered. This review presents the literature addressing the following issues:
1. which technical materials are most exposed to mould development? 2. which moulds have the greatest biodeterioration potential? 3. whether and when disinfection of mouldy technical materials or antifungal materials should be applied?
Mechanisms of mould-induced biodeterioration of technical materials
There are two mechanisms of technical material biodeteriorationbiological degradation and biological corrosion (Zyska & Żakowska 2005) . Materials of the natural origin -wood, paper, fabrics, leather, petroleum products, oils, fuels, paints, rubber are mould-degradable (biodegradation). Moulds belonging to genera Aspergillus, Penicillium, Alternaria, Cladosporium, Trichoderma and others are producers of extracellular enzymes which degrade polymers into monomers using them as a source of carbon and energy.
Enzymatic profiles of moulds change according to biochemical induction of environment, in which they grow. The same species growing on carton-gypsum board or on mortar produces different enzymes (Gutarowska 2010). Total mineralization occurs very quickly on organic substances containing cellulose: cotton and paper (e.g. cotton stored in the soil for a few weeks at high humidity becomes degraded by moulds to CO 2 and H 2 O). Five-week experiment concerning fuel degradation with Cladosporium species showed important changes in the fuel chemical composition leading to the reduction in its octane number (Zyska & Żakowska 2005) . Technical materials like cotton, paper, carton-gypsum board, emulsion paints are most sensitive to mould development and biodegradation processes. Biocorrosion, resulting from chemical reactions between organic acids produced by fungi and technical material is the other mechanism of mouldtriggered degradation. This process causes decay of mineral surfaces of building materials (stone, brick, mortars, concrete), metal and glass (Krumbein 1988 , May et al. 1993 . Moulds belonging to Aspergillus and Penicillium produce significant amounts of organic acids such as citric, oxalic, malic and others which react with elements (Al, Mg, Fe, Si, Mn), cause material demineralization, production of soluble salts or the deposition of insoluble salts forming a layer on surfaces e.g. calcite (Cwalina 2003) . Additionally, mycelium damages the material mechanically due to hyphae 3-5 cm penetration into it. All this results in loss of cohesion and increase in porosity, furthermore organic acids buffer the materials, making them susceptible to halophilic bacteria which intensifies destruction. The type of material is crucial, because it stimulates the production of specific organic acids (Gutarowska & Czyżowska 2009).
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Among inorganic surfaces stone, brick, mortar are sensitive to mould growth under high moisture conditions and presence of contaminants.
Moulds involved in the biodeterioration of technical materials
The chemical composition of technical materials determines the development of different moulds (Table  1) . Moulds from genera Aspergillus and Penicillium (called moulds of warehouses) are most common. High air humidity and favorable chemical composition of the material make these fungi not only able to deteriorate many substrates, but also produce secondary metabolites (mycotoxins, volatile compounds) that are toxic to animals (Larssen & Frisvad 1994 , Singh 2005 . Some allergic aspergilli and penicillia found growing in damp buildings and present in indoor air were also isolated from lung specimens at autopsy (Flannigan & Miller 1994) .
Technical materials containing cellulose (wood, paper, cotton, linen) or its derivatives in the form of esters, ethers (emulsion paints) are degraded by fungi belonging to the genera Aspergillus, Penicillium, Chaetomium, Trichoderma, Cladosporium, Alternaria and others.
Cellulose substrates used in buildings readily taking up water from environment (wallpaper, carton-gypsum boards) can provide a source of nutrients necessary for growth of Stachybotrys chartarum, which create serious mycotoxin hazard in buildings (Flannigan & Miller 1994) . A number of macrocyclic trichothecenes (verrucarins, satratoxins, trichoverrins) were found in colonized materials. Paper and wood are easily degraded by the cellulase enzyme complex; the problems associated with the development of moulds during production of paper in paper mills, as well as during storage of paper in archives and libraries are described in literature (Zyska & Żakowska 2005) . The development of moulds in paper factories begins already during storage of raw material (wood, paper) and production of cellulose pulps. It has been shown that unbleached mass produced from recycled substrates is more contaminated than the unbleached pulp originating from trees (in the bleaching process a biocide, titanium dioxide, is added). The mould growth was also observed on production machinery in the form of biofilms and pulp tanks (Gutarowska & Cichocka 2009 ). Degradation of paper in archives and libraries mainly by Aspergillus and Penicillium is a serious problem, especially under the conditions of high humidity of paper/air, such as disasterrelated flooding of warehouses or during storage in uncontrolled microclimate (periodical humidity of the air RH<70%). Under such conditions, development of fungi on books is possible; there is also a hypothesis that moulds are involved in the formation of a 'Foxing' phenomenon (orange-brown small spots on paper) common in nineteenth century books (Florian & Manning 2000 , Strzelczyk 2001 . Numerous examples of mouldinduced destruction of historical objects are also described, including paintings, monuments, paper, leather and textiles (Strzelczyk 2001 , Strzelczyk et al. 2003 , Florian 2004 Sitarz et al. 2003 workers (Cyprowski et al. 2007) . Some species of Cladosporium and Paecilomyces are able to grow on polymers, rubber and also in the fuels. The processes of degradation of these materials take several months to several years, however, they are the cause of major economic losses, especially due to the destruction of insulations and fuel tanks (Berryman 1987) . Studies conducted in Poland showed the presence of moulds in 50% of samples taken from fuel tanks (Kwiatkowska 2003).
Assessment of strength change of external rubber covers of telecommunication cables revealed 80% of mass loss caused by growth of actinomycetes (filamentous bacteria) and moulds (Zyska & Żakowska 2005) .
The frequency and scale of the devastation of technical substances and health risks caused by moulds make it necessary to look for new methods of disinfection and protection of materials against biodeterioration.
Protection against mould growth and methods of their elimination from technical materials
Similarly as in pharmaceutical, cosmetic and food industries also in plants producing technical materials systems of high quality production have been introduced, including high quality of technological water and raw substrates (paper, paints, building materials), as well as cleanliness of equipment, tanks and warehouses for storing both raw materials and products. The microclimate parameters, which should not exceed RH<60%, 10-15% humidity of materials (depending on the material) and air temperature in warehouses 18-21°C are also monitored.
In the case of textiles, paper, plastics also access to light should be minimized (Abe 2010). However, susceptibility of paper, paints, building materials, wood to harmful impact of microorganisms makes biocide usage during production necessary.
Some examples of biocides and preparations applied to inhibit moulds growth and to produce materials with antifungal properties are presented below (Tab. 2).
Market of chemical substances and preparations (complexes containing biocides and excipients, extending their action) that can be used to protect Selection of a biocide suitable to conserve a given technical material is a big challenge for manufacturers. The main feature of a good biocide is its effectiveness in eliminating different forms of microorganisms (in the case of moulds it is essential to eliminate both mycelium and spores). However, we must remember that biocides added to technical materials must meet a number of additional requirements: they must be non-toxic, non-allergic to animals and humans, they cannot influence properties of the material or permanently adhere to it, must be insensitive to the process parameters, cheap and stable during product life cycle. Taking into account these conditions the choice of a biocide requires cooperation of experts, production technicians, chemists and microbiologists. Also it should be noted that this substance must be biodegradable GUTAROWSKA B.
after usage. Common usage of some biocides (such as nanosilver, Triclosan) to produce antimicrobial materials can cause their accumulation in the environment and in organisms, and subsequently elimination of certain organisms which play a crucial ecological role, as well as contribute to the appearance of resistant microorganisms. It is therefore prudent to decide whether addition of a biocide to a technical material is indispensable and use it only in justified circumstances. Disinfection of technical materials which are already biodeteriorated to stop growth of moulds is another important issue. There is a range of methods used to address this problem: laser used for wood (Piotrowska et al. 2003) ; fumigation with gases (ethylene oxide, propylene oxide), essential oils and nanosilver particles used for paper and textiles (Tymińska 2001 , Woźniak & Tymińska 2003 , Gutarowska et al. 2012 ; gamma radiation used for textiles, paper and leather (Machnowski et al. 2012 Choosing a method of disinfection one should consider not only the inhibition of fungi growth, but also safety for the technical material. This is particularly important for historical objects. Many of the disinfection methods have a negative impact on the treated materials, they change their strength and optical parameters and may also contribute to their faster biodegradation in the future (Machnowski et al. 2012 , Gutarowska et al. 2014 . Therefore, it is important to know the effects of disinfection for both microorganisms and for materials to select appropriate process parameters. 
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